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[57] ABSTRACT 

In the manufacture of an electronic device comprising 

thin-?lm circuitry, a semiconductor ?lm (1) on a polymer 

substrate (2) is subjected to a laser treatment, for example 
laser crystallisation, With a laser beam (10). The beam is 
re?ected by the ?lm Signi?cant non-uniformities in the 
laser treatment are found to occur due to a local overheating 

effect if the re?ected laser beam 10b impinges again on the 
heated area of the ?lm Thus, the invention identi?es a 
particularly acute problem Which arises When the device 
substrate (2) is of a heat-distortable polymer material in that 
the substrate (2) may experience temporarily a concave 
distortion at an area Where the semiconductor ?lm (1) on the 

substrate (2) is heated by the incident laser beam (10). The 
beam is focused as Well as re?ected by the concave distor 
tion in the substrate Although the ?lm (1) is under a 
WindoW (22) of the treatment cell (20), this focused and 
re?ected laser beam (10a) is prevented from being re?ected 
again onto the same area of the ?lm (1), by tilting the 
WindoW (22) and/or the ?lm/substrate (1,2) at the area of the 
concave distortion at an angle 0 so as to be inclined With 

respect to one another along the path of the beam (10). 

10 Claims, 4 Drawing Sheets 
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ELECTRONIC DEVICE MANUFACTURE 
WITH A LASER BEAM 

BACKGROUND OF THE INVENTION 

This invention relates to methods of manufacturing elec 
tronic devices comprising thin-?lm circuitry, in Which a 
semiconductor ?lm on a polymer substrate is subjected to a 
laser treatment (for example for crystal growth in the ?lm). 
The device may be a large area image sensor, or a ?at panel 
display (for example a liquid crystal display), or several 
other types of large-area electronic device (for example a 
thin-?lm data store or memory device, or a thermal imaging 
device). The invention also relates to laser apparatus suitable 
for use in such methods. 

There is currently much interest in developing thin-?lm 
circuits With thin-?lm transistors (hereinafter termed 
“TFT”s) and/or other semiconductor circuit elements on 
inexpensive insulating substrates for large area electronics 
applications. These circuit elements fabricated With separate 
semiconductor islands of an amorphous or polycrystalline 
semiconductor ?lm may form the sWitching elements in a 
cell matrix, for example in a ?at panel display as described 
in US. Pat. No. 5,130,829 (our reference PHB 33646), the 
Whole contents of Which are hereby incorporated herein as 
reference material. 

Recent developments involve the fabrication and integra 
tion of thin-?lm circuits (often using polycrystalline silicon) 
as, for example, integrated drive circuits for such a cell 
matrix. In order to increase the circuit speed, it is advanta 
geous to use semiconductor material of good crystal quality 
and high mobility for thin-?lm islands of the TFTs of these 
circuits. From, for example US. Pat. Nos. 4,059,461 and 
4,309,225 and the journal articles of S. D. Brotherton, D. J. 
McCulloch et al in IEEE Transactions on Electron Devices, 
Vol. 40 No. 2, February 1993, pages 407 to 413 and in Solid 
State Phenomena vols. 37—38 (1994) pages 299 to 304 
(Scitec Publications, SWitZerland), it is knoWn to deposit a 
semiconductor ?lm of amorphous material or loW crystal 
linity material and to form the material of higher crystallin 
ity by exposing, at least an area of this ?lm to an energy 
beam from a laser. The Whole contents of said United States 
patents and said journal articles are hereby incorporated 
herein as reference material. It is also knoWn to use laser 
beam treatments for annealing implanted dopant and/or 
diffusing dopant in a semiconductor ?lm in thin-?lm circuit 
manufacture. 
As shoWn in said United States patents and said journal 

articles, the substrate With the deposited ?lm is mounted 
Within a sample chamber (also termed “cell”) having a 
transparent WindoW through Which the laser beam enters. 
The cell provides a controlled atmospheric ambient (for 
example an inert gas ambient or vacuum) around the 
substrate/?lm sample. Generally the substrate/?lm sample is 
scanned beloW the laser beam, and this scanning may be 
achieved by mechanically moving the sample cell in the 
laser apparatus. 

For many of the large-area electronic devices it is becom 
ing desirable to use polymer material as the substrate for 
reasons of loW cost, loW Weight and/or physical ?exibility. 
The deposition of amorphous silicon material can be carried 
out at loWer temperatures than the deposition of crystalline 
material and so is advantageous having regard to the maxi 
mum permissible temperatures for use With polymer sub 
strates. These temperatures for polymers are generally loWer 
than the maximum usable temperatures for glass substrates. 
Polyimide is one popular polymer material for the substrate 
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2 
of a large-area electronic device. The maximum usable 
temperature for polyimide is generally about 280° C. The 
maximum usable temperature for a polymer material refers 
to the maximum sustained temperature at Which the polymer 
material can be held for a prolonged period and retain its 
polymer characteristics, for example its ?exibility and elec 
trically insulating properties. Examples of other suitable 
polymer materials Which may be used for the device 
substrate, together With their maximum usable temperatures 
are: 

Polyethersulphone (PES) 200° C. 
Polyacrylate (PAR) 180° C. 
Poyetherimide (PEI) 170° C. 
Polyethyelenenapthalate (PEN) 150° C. 
Polyethyeleneterepthalate (PET) 130° C. 

As the semiconductor ?lm can reach very high tempera 
tures (for example, in excess of 1200° C.) in the laser 
treatments, the ?lm is generally deposited on one or more 
interface layers on the polymer substrate. These interface 
layers may be of (thermally and electrically) insulating 
material and/or material absorbing any laser light Which 
penetrates through the thickness of the semiconductor ?lm 
and/or can improve the adhesion of semiconductor ?lm to 
polymer substrate. In spite of such measures, the present 
applicant ?nds that the laser treatment of semiconductor 
?lms on polymer substrates (as compared With glass 
substrates) tends to result in less uniform semiconductor 
material Which is less satisfactory for device manufacture. 
For example, When the laser treatment serves for crystal 
groWth, the present applicant ?nds that signi?cant non 
uniformities in the crystallised material may be produced 
along the scanned direction(s) of the ?lm, in spite of 
consistent uniformity in the laser beam during scanning. 
These non-uniformities include differences in grain siZe and 
quality and a roughening of surface areas of the semicon 
ductor ?lm, the extent of the non-uniformities being suf? 
cient to result in different device characteristics in the 
thin-?lm devices formed With different ?lm areas. 
Furthermore, areas of the semiconductor ?lm may become 
detached from the substrate and/or ablated, and areas of the 
polymer substrate may even exhibit heat damage, in spite of 
the inclusion of interface layers Which should prevent such 
happenings. 

It is an aim of the present invention to avoid or at least to 
reduce such non-uniformities and damage. 
The present invention is based on a recognition by the 

present inventor that local distortion of the scanned polymer 
substrate at the area of the laser beam may occur (at least 
temporarily) due to substrate heating and can be a contribu 
tory factor in causing the damage and the poor uniformity in 
the semiconductor ?lm laser-treated on polymer substrates. 
The present inventor has discovered that this local distortion 
may even focus the laser light re?ected from the substrate/ 
?lm sample Which, if then re?ected back again to the same 
local area of the ?lm, can produce overheated spots. The 
present invention avoids this cause of poor uniformities by 
directing aWay the re?ected laser light so that it is not 
re?ected back again on to the ?lm, or at least not re?ected 
back again onto the same local area of the ?lm. 

Thus, according to one aspect of the present invention, in 
a method of manufacturing an electronic device a semicon 
ductor ?lm on a polymer substrate is subjected to a laser 
treatment from a laser beam, the beam being transmitted 
through a WindoW over the ?lm, the beam being re?ected by 
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the ?lm, and the WindoW and the substrate being inclined 
With respect to one another in the path of the beam to prevent 
the re?ected beam from impinging again on the ?lm. 

According to another aspect of the present invention, 
there is provided laser apparatus suitable for use in such a 
method and comprising a cell for accommodating a polymer 
substrate With a semiconductor ?lm for a laser treatment, 
and mounting means in the cell for mounting the substrate 
for exposing the ?lm to a laser beam through a WindoW of 
the cell, Wherein the WindoW of the cell and the mounting 
means for the substrate are inclined With respect to one 
another in the path of the beam from the WindoW to prevent 
the re?ected beam from impinging again on the ?lm. 

This prevention of back re?ection onto the ?lm from the 
WindoW of a cell may be achieved by tilting the WindoW 
and/or by tilting the substrate itself at least in that area. The 
perpendicular to the WindoW and/or the substrate in the area 
of the beam path may be inclined at an angle in the range of 
20° to 60°, and preferably in the range of about 35° to about 
45°. The maximum usable angle depends on the height 
available in the laser apparatus to accommodate the 
increased height of the cell and also depends on reducing 
re?ection of the laser beam at the front face of an inclined 
WindoW and/or on the depth of the focus of the laser beam 
at an inclined substrate. The minimum usable angle depends 
on Whether one or both of the WindoWs and substrate are 
inclined and depends on obtaining adequate de?ection of the 
re?ected beam aWay from the area of the ?lm/substrate 
exposed to the laser beam. What constitutes adequate de?ec 
tion can depend on the internal shape of the cell and the 
particular area(s) on Which the re?ected beam impinges. 
Small angles (for example in the range of 20° to 30°) can be 
used When both the WindoW and the substrate are inclined in 
opposite directions to the path of the beam. 

It may be noted that it is knoWn from the JP-A 03-62924 
English-language abstract in the Patent Abstracts of Japan 
Vol.15 No.219 (E-1074) (4747) to prevent the effect of 
returning light on laser output by passing the beam through 
one or more inclined glass plates (termed “substrates”). 
These plates are arranged betWeen the laser light source and 
a total re?ection mirror Which directs the laser beam onto the 
sample undergoing the laser treatment. The plates have an 
anti-re?ection coating on the side facing the laser light 
source being protected, so that the laser light is not re?ected 
on that side. The opposite side (i.e. facing the total re?ection 
mirror) has no anti-re?ection coating, and the angle of 
inclination of the plate to the beam is such that the beam 
re?ected at this opposite side is directed aWay from the path 
of the incident beam. Such an arrangement is quite unlike 
that adopted in accordance With the present invention in 
Which measures are taken to prevent a local overheating 
effect of the laser light on the sample. 

The present invention avoids such overheating While 
permitting laser treatments to be carried out on a sample 
Which comprises a device substrate of heat-distortable poly 
mer material, even in a particularly acute case in Which the 
polymer material experiences (at least temporarily) a con 
cave distortion in the substrate at an area Where a semicon 
ductor ?lm on the substrate is heated by the incident laser 
beam. The beam is incident through a WindoW over the 
sample, and the laser beam is focused as Well as re?ected by 
the concave distortion in the substrate. HoWever, this 
focused and re?ected laser beam is prevented from being 
re?ected again onto the area of the ?lm heated by the laser 
beam, because the facing WindoW and/or the sample at the 
area of the concave distortion are tilted so as to be inclined 

With respect to one another. 
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4 
Such an arrangement in accordance With the present 

invention does not require an anti-re?ection coating to be 
provided on the obliquely facing surfaces of the WindoW and 
the substrate/?lm, and so the problems of providing and 
maintaining anti-re?ection coatings on these surfaces can be 
avoided. Thus, for example, an anti-re?ection coating on the 
inner surface of a cell WindoW can become contaminated 
and damaged by reactants and residues of a laser treatment 
carried out in the cell, and frequent cleaning and/or replace 
ment of this coating can be both inconvenient and expensive. 
The provision of an anti-re?ection coating on the sample 
may interfere With the desired treatment and/or characteris 
tics of the ?lm structure on the substrate. Thus, for example, 
the surface of a semiconductor ?lm Which is laser 
crystallised With an anti-re?ection coating thereon may 
exhibit severe roughening because of the presence of this 
coating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features in accordance With the present 
invention, and their advantages, are illustrated speci?cally in 
embodiments of the invention noW to be described, by Way 
of example, With reference to the accompanying diagram 
matic draWings, in Which: 

FIG. 1 is a schematic of laser apparatus in accordance 
With the present invention and suitable for use in a manu 
facturing method in accordance With the present invention; 

FIGS. 2a and 2b are cross sectional schematics of a 
semiconductor ?lm on a polymer substrate, illustrating the 
local distortion Which can occur at the area of the laser beam 
and illustrating its effect in an arrangement in accordance 
With the present invention; 

FIGS. 3 to 5 are cross sectional vieWs of different cell 
arrangements for laser apparatus in accordance With the 
present invention; and 

FIGS. 6a and 6b are cross sectional schematics of a 
semiconductor ?lm on a polymer substrate, illustrating the 
local distortion Which can occur at the area of the laser beam 
and illustrating its effects in a prior art arrangement. 

It should be noted that all the FIGS. 1 to 6 are diagram 
matic and not draWn to scale. Relative dimensions and 
proportions of parts of these Figures have been shoWn 
exaggerated or reduced in siZe, for the sake of clarity and 
convenience in the draWings. The same reference signs are 
generally used to refer to corresponding or similar features 
in different embodiments. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates a laser apparatus in accordance With the 
present invention Which may be used in a method in accor 
dance With the present invention in order to crystallise a 
semiconductor ?lm 1 on a polymer substrate 2 in the 
manufacture of a large-area electronic device. The ?lm 1 
may be deposited in knoWn manner by, for example, a 
plasma-enhanced chemical vapour deposition (PECVD) 
process at a loW temperature, for example betWeen 100° C. 
and 250° C. Typically, the ?lm 1 may be of amorphous 
silicon material having a hydrogen content, for example, and 
often designated as ot-SizH material. The thickness of the 
silicon ?lm 1 may be typically less than 0.1 pm, for example 
about 0.05 pm or less. The polymer substrate 2 may be of 
knoWn materials, for example polyimide or the other poly 
mer materials previously listed as suitable for use With 
large-area electronic devices. Typically the polymer sub 
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strate 2 may be a self-supporting ?lm having a thickness of 
less than 200 pm. Typically interface layers as previously 
described are provided on the polymer substrate 2 before 
depositing the silicon ?lm 1. These interface layers are not 
illustrated in the Figure for simplicity of the draWings. 

FIGS. 1 to 5 illustrate the laser crystallisation of the ?lm 
1 on the thin polymer substrate 2 by a method and apparatus 
in accordance With the present invention. The laser crystal 
lisation system may be similar to those described in the said 
US. patents and the said journal articles, except for a special 
optical arrangement of the sample cell 20 in accordance With 
the present invention. Preferably a pulsed laser beam 10 of 
an ultra-violet Wavelength is used, generated by an excimer 
laser 11. A laser beam 10 of ultra-violet Wavelength has the 
knoWn advantage of permitting control of its absorption 
depth in the semiconductor material of the ?lm 1. As a 
speci?c example, FIG. 1 illustrates a laser crystallisation 
system similar to that in FIG. 1 of the journal article “Beam 
shape effects With excimer laser crystallisation of plasma 
enhanced and loW pressure chemical vapour deposited 
amorphous silicon” by S. D. Brotherton, D. J. McCulloch et. 
al. in Solid State Phenomena volumes 37—38 (1984) pages 
299 to 304. 

Thus the laser equipment of FIG. 1 may comprise in the 
main path of the beam 10: an aftenuator 12; total re?ection 
mirrors 13 for de?ecting the Whole beam 10; an optional 
homogeniser 14 to provide an option for changing the beam 
shape; at least one aperture 15; an optional partially 
re?ective glass plate 16 to permit vieWing of the beam shape 
by an optional CCD camera 31; a condensing lens 17; a 
partially-re?ective glass plate 18 to permit measurement/ 
monitoring of the beam energy by a pulse energy meter 19; 
another optional CCD camera (not shoWn in FIG. 1 or in the 
Solid State Phenomena article) possibly With a partially 
re?ective glass plate for optional vieWing of the exposed 
area of the ?lm 1, using visible light for the vieWing; and the 
cell 20 in Which the ?lm/substrate sample 1, 2 is mounted. 

The cell 20 provides a controlled atmospheric ambient 
around the ?lm/substrate sample 1, 2 and so has at least one 
gas inlet/outlet port 21. Thus, in knoWn manner, a gas 
ambient may be provided or extracted through the port(s) 21. 
In some laser treatments (for example, Where the laser beam 
10 initiates or aids chemical etching, chemical deposition or 
some other chemical process With the ?lm 1) this ambient 
may comprise one or more chemically active elements. 
HoWever, in most laser treatments (for example, ?lm crys 
tallisation or dopant implant anneal), a chemically inactive 
ambient is desirable, for example a vacuum or a ?oW of an 
inert or inactive gas such as, for example, nitrogen. 

The cell 20 also comprises mounting means 25 for 
mounting the ?lm/substrate sample 1, 2 in the path of the 
laser beam 10. In the case of glass substrates as described in 
the said United States patents and journal articles the sub 
strate mounting means (for example in US. Pat. No. 4,309, 
225) may be used to heat the substrate. A degree of loW 
temperature heating may be desirable in the cell 20 of the 
present apparatus for maintaining a loW moisture content in 
the polymer substrates 2. Alternatively the inclusion of 
temperature control means 29 in the mounting means 25 
may be used to keep the polymer substrate 2 cool When the 
?lm 1 is heated by the laser beam 10. Temperature control 
means 29 are illustrated schematically in the mounts of 
FIGS. 3 and 4, by Way of example. 

The cell 20 also provides for scanning the ?lm 1 beloW the 
laser beam 10. The scanning may be achieved by moving the 
cell 20 relative to the beam 10 (for example in both X and 
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6 
Y directions) and/or by moving the substrate mounting 
means 25 Within the cell 20. 
The laser beam 10 is incident on the semiconductor ?lm 

1 through a facing WindoW 22 of the cell 20. In the prior-art 
laser apparatus of the said US. patents and journal articles, 
the WindoW 22 is parallel to the thin ?lm 1 and is perpen 
dicular to the laser beam 10. FIGS. 2 and 6 illustrate a 
distortion problem Which the present inventor has seen 
occurring With a semiconductor ?lm 1 on a thin polymer 
substrate 2 and Which produces a non-uniformity problem 
by multiple re?ection (see FIG. 6) When such a prior-art 
arrangement is used. Where the semiconductor ?lm 1 
absorbs the incident energy beam 10 it is heated to a very 
high temperature (for example, in excess of 1200° C.) and 
typically melts in this area. The inventor believes that this 
localised heating of the ?lm 1 tends to distort temporarily the 
thin polymer material 2 under the beam in such a Way that 
the ?lm 1 may act as a focusing mirror for the duration of 
the laser pulse. The inventor ?nds that this local distortion of 
the polymer substrate 2 is not usually permanent but disap 
pears When the local heating dissipates. The duration of the 
heat pulse produced in a silicon ?lm 1 by a laser pulse of 10 
ns (nanoseconds) or less is of the order of 100 ns. The 
relaxation time of the polymer material is generally longer. 
Some of the laser light 10 is re?ected back from the ?lm 1, 
as illustrated by lines 10a in FIGS. 2 and 6. This re?ected 
beam 10a is concentrated by the focusing effect of the 
concave distortion in the substrate 2 and ?lm 1. FIGS. 2 and 
6 shoW only three light rays being re?ected by the distorted 
?lm area and shoW the re?ected rays 10a coming to a focal 
point 100. In practice, because the distorted re?ective sur 
face of the ?lm 1 is not part of a truly spherical surface, all 
the re?ected rays 10a of the beam 10 from the distorted ?lm 
area Will not come together at the same focal point. None 
theless the re?ected beam 10a is concentrated at a soft focus. 
The inventor ?nds that the focus 100 is at a distance from 

the re?ective distorted ?lm area Which is comparable to the 
distance betWeen the cell WindoW 22 and the ?lm/substrate 
1,2. Typically this distance of the cell WindoW 22 to the 
?lm/substrate 1,2 is about 1 cm (centimetre) or more. The 
distortion in the polymer substrate 2 is someWhat Wider than 
the area of the laser beam 10 (for example about 1 cm With 
a beam Width of 0.7 cm). The distortion in the substrate 2 
having a thickness of about 200 pm or less seems to have a 
depth of about 0.05 cm (500 pm) in the central area. The 
inventor has not been able to measure this depth. HoWever, 
the focal length resulting from this re?ective distortion 
brings the re?ected rays 10a to a focus near the WindoW 22. 

FIGS. 6a and 6b illustrate the prior art situation in Which 
the facing WindoW 22 and ?lm/substrate 1,2 are parallel. In 
this case, the focused re?ected light 10a is re-re?ected back 
on to the sample surface (lines 10b in FIGS. 6a and 6b) by 
the cell WindoW 22. FIG. 6a illustrates the Worst situation in 
Which the focus 100 is beyond the front face of the WindoW 
22. In this case the re?ected rays 10b from the WindoW 22 
are concentrated on an area of the ?lm 1 smaller than (and 
contained Within) the area exposed to the original incident 
beam 10. When the distortion is such that the focus 100 is 
betWeen the ?lm 1 and WindoW 22, the re?ected rays 10b 
from the WindoW 22 are incident on a larger area of the ?lm 
1. HoWever, in both cases there is an overlap (and hence an 
enhanced heating effect) on the ?lm 1 of the original incident 
beam 10 and the re?ected beam 10b. Furthermore, even 
Within the overlapped area there can be local further con 
centrations of the re?ected light 10b due to the re?ective 
distorted surface of the ?lm 1 not being truly spherical. 
Furthermore, the rays 10b re?ected by the WindoW 22 are 
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further re?ected by the distorted ?lm 1 as rays 10c, and these 
rays 10c may be re?ected back again to the ?lm 1 (as rays 
10d) by the facing WindoW 22 in the prior art arrangements 
of FIGS. 6a and 6b. Thus, by multiple re?ections by the 
distorted ?lm 1 and the facing WindoW 22, the laser light 
may be concentrated into small and intense spots at the 
surface of the ?lm 1. It seems that such small and intense 
spots caused by the inhomogeneous re-re?ected light 10b, 
10d are the cause of non uniformity in the crystallised 
semiconductor ?lm 1 and may even locally damage the 
polymer substrate 2. 

The focused laser light 10a,10c is re-re?ected back onto 
the sample surface (as lines 10b) by the parallel cell WindoW 
22 directly facing the ?lm/substrate sample 1,2 in the 
prior-art laser apparatus of the said US. patents and journal 
articles. This problem is avoided in accordance With the 
present invention by tilting the cell WindoW 22 and/or the 
?lm/substrate sample 1, 2 at an angle suf?cient to prevent the 
re?ected beam 10a from impinging again on the ?lm 1. This 
arrangement suppresses, as illustrated in FIGS. 1, 2a, 2b, 3, 
4 and 5, the multiple re?ections Which Would otherWise lead 
to multiple-exposure hot-spots in the ?lm 1. 

Thus, FIGS. 2a and 2b illustrate the simple expedient of 
inclining the cell WindoW 22 at an angle 0 in the range of 35° 
to 45° With respect to the laser beam 10, While keeping the 
mounting of the ?lm/substrate 1,2 perpendicular to the beam 
10. The angle 0 is the angle betWeen the perpendicular to the 
re?ective surface of the WindoW 22 and the path of the beam 
before re?ection. FIG. 2a illustrates the situation With the 
focus 100 behind the WindoW 22 When vieWed from the 
?lm/substrate 1,2 and may be compared With the prior art 
FIG. 6a. FIG. 2b illustrates the situation With the focus 100 
betWeen the WindoW 22 and the ?lm/substrate 1,2 and may 
be compared With the prior art FIG. 6b. In both FIGS. 2a and 
2b the focus 100 is in the vicinity of the WindoW 22. It is 
advantageous to maintain the ?lm/substrate 1,2 generally 
perpendicular to the beam 10 so as to facilitate the focusing 
of the beam 10 as a Well-de?ned shape over the Whole 
exposed area of the ?lm 1 and to maximise the pulse energy 
Within the Well-de?ned beam 10 at the incident area of the 
?lm 1. 
By choosing an angle 0 around 45° for the inclination of 

the WindoW 22 a maximum de?ection of the re?ected beam 
10b at the WindoW 22 is obtained aWay from the ?lm 1. 
Thus, the beam 10b re?ected by the obliquely facing surface 
of the WindoW 22 may be de?ected aWay to an inner surface 
of the cell 20 Where it is generally absorbed and/or dis 
persed. Rather than absorb the re?ected light 10b in such a 
Way as to heat the Wall of the cell 20, it is preferable to have 
a surface 30 at Which the re?ected light 10b is scattered in 
a non-specular manner. HoWever, Whether using absorption 
or scattering, the re?ected light 10b is not re?ected again in 
a specular manner. Thus, except at the WindoW 22, the inner 
surfaces 30 of the cell 20 may be for example, of non 
polished, machined stainless steel Which is satisfactory to 
scatter the laser light. The WindoW 22 itself may be of, for 
example, high grade silica material Which is transparent to 
the laser light. 

It should be noted that by inclining the WindoW 22 and/or 
the ?lm/substrate 1,2 in this manner, it is generally not 
necessary to provide an anti-re?ection coating on the facing 
surfaces of the WindoW 22 and ?lm 1. The inventor notes 
that the provision of an anti-re?ection coating of, for 
example, silicon dioxide, on the silicon ?lm 1 can roughen 
the surface of the ?lm 1 during laser crystallisation. 
Furthermore, the provision of such a coating on the ?lm 1 
does not avoid the local distortion/focusing problem arising 
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8 
from the heat-distortable nature of the polymer substrate 1. 
Thus, such an anti-re?ection coating is better avoided. 
Furthermore, an anti-re?ection coating on the inside face of 
the cell WindoW 22 can become contaminated by materials 
from the processing Within the cell 20 and damaged during 
the laser treatment in the cell 20. Such a coating on the inside 
of the cell WindoW may therefore need to be regularly 
replaced, Which can prove expensive, and so is also better 
avoided. Normally, an anti-re?ection coating may be pro 
vided on the outside face of the cell WindoW 22. 
Furthermore, it should be understood that the provision of 
coatings for any purpose on the facing surfaces of the 
WindoW 22 and ?lm 1 is not excluded from the scope of the 
present invention. Thus, for example, in the fabrication of a 
particular device structure (for example With a top insulated 
gate) it may be desirable for an insulating ?lm to be present 
on the silicon ?lm 1 during the laser treatment (for example 
When annealing a dopant implant for doped source and drain 
aligned With the gate), and this insulating ?lm may also have 
anti-re?ection properties With respect to the laser beam. 

Thus, a variety of different embodiments are possible for 
manufacturing methods and laser apparatus in accordance 
With the present invention. 

FIG. 3 illustrates an embodiment in Which the cell 20 has 
a single tilted WindoW 22, With an inclination angle 0 of 
FIGS. 2a and 2b. The focused laser light 10a Which is 
re?ected back from the ?lm 1 is re?ected by the tilted 
WindoW 22 as beam 10b aWay from the ?lm 1 so that it does 
not impinge again on the ?lm 1. Thus, the laser light 10b 
re?ected Within the cell 20 by the tilted WindoW 22 may be 
re?ected to a Wall 30 of the cell 20 Where it is scattered 
and/or absorbed. In the embodiment shoWn in FIG. 3, the 
length of the WindoW 22 in the scanning direction of the 
sample 1, 2 is smaller than the length of the sample 1, 2. In 
this situation, the sample 1, 2 is moved along Within the cell 
20 to scan the laser beam 10 along the thin ?lm 1. This 
movement may be achieved by rotation of rollers 26a and 
26b on Which the sample 1,2 is mounted. The length of the 
sample 1,2 betWeen these rollers 26a and 26b is mounted 
over a backing plate 25 of, for example, stainless steel. After 
it has been scanned beloW the laser beam 10, the laser 
treated portion of the sample 1,2 can Wind onto the rotating 
roller 26b While the next portion to be treated is unWound 
from the rotating roller 26a. 

FIG. 4 illustrates a modi?ed embodiment in Which the cell 
20 has a succession of side-by-side tilted WindoWs 22a 
through Which the Whole length of the sample 1, 2 may be 
scanned With the laser beam 10. In this case, the sample 1,2 
is clamped on the backing plate 25 by a peripheral clamping 
frame 27. By moving the cell 20 beloW the beam 10, the 
WindoWs 22a are moved sequentially under the beam 10 as 
the cell 10 is moved (for example in X and Y directions) 
during the beam scanning. Each of these WindoWs 22a is 
inclined to the beam 10 at an inclination angle 0 of FIGS. 2a 
and 2b. 

FIG. 5 illustrates a further embodiment in Which the 
WindoW 22 is not tilted, but the sample 1, 2 is tilted. The 
mounting means 25 for the ?lm/substrate sample 1, 2 
comprises a series of rollers including vertically staggered 
guide rollers 25a and 25b. The laser beam scanning is 
carried out by rotating the rollers on Which the substrate 2 is 
mounted. In this Way, the sample 1, 2 is fed over the rollers 
and moved continuously along Within the cell 20. Because 
of the vertical staggering of the guide rollers 25a and 25b, 
the length of the sample 1, 2 Which is exposed to the laser 
beam 10 through the WindoW 22 is inclined betWeen the 
rollers 25a and 25b. The angle 0 of inclination betWeen the 
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beam 10 and the inclined perpendicular of the sample 1,2 
may be in the range of 35° to 45°. In this situation the 
focused laser light 10a Which is re?ected from the ?lm 1 is 
not re?ected back to the WindoW 22 but impinges on a side 
Wall 30 of the cell 20 Where it may be scattered and/or 
absorbed. Thus, the re?ected light 10a from the tilted sample 
1, 2 is not re?ected back by the WindoW 22 onto the 
laser-heated ?lm 1. 

In a speci?c example of the laser crystallisation treatment, 
a 248 nm Wavelength from a pulsed KrF laser may be used, 
With an incident laser energy on the ?lm 1 in the range of 
100 to 300 mJ.cm_1 per pulse. The pulse duration may be of 
the order of nanoseconds. A single pulse exposure could be 
used for crystallisation of the ?lm 1, or exposure to multiple 
pulses (for example, ?ve or ten such pulses) may be used. By 
this laser treatment the amorphous silicon material of the 
?lm 1 is converted to polycrystalline silicon material. The 
polycrystalline material may typically have a crystal grain 
siZe of 0.1 to 0.3 pm, and has good uniformity in accordance 
With the present invention. The ambient in the cell 20 may 
be a vacuum of, for example, about 2x10“5 torr. 

Having crystallised the semiconductor ?lm 1 in the laser 
equipment of FIGS. 1, 3, 4 or 5, the semiconductor ?lm 1 on 
the polymer substrate 2 may then be further processed in 
knoWn manner to form thin-?lm circuit elements for the 
desired electronic device. Thus, for example, TFTs or thin 
?lm diodes may be formed in circuit-element islands of the 
?lm 1 on the polymer substrate 2. 

In combination With the present invention it can be 
advantageous to use also the process steps disclosed in 
pending UK patent application 95218558 (our reference 
PHB 34026) ?led Oct. 25, 1995, together With one or more 
interface layers, so as to improve the adhesion of the 
crystalliZed ?lm 1 and interface layer(s) on the polymer 
substrate 2. In this process: 
(a) The polymer substrate 2 is pre-shrunk by a prolonged 

heating; 
(b) A ?rst insulating interface layer is deposited on the 

pre-shrunk polymer substrate 2 at a loWer temperature 
than the prolonged heating temperature of step (a) to have 
reduced stress and good adhesion and a masking layer is 
deposited on the ?rst insulating layer as a continuous 
layer over the substrate surface; 

(c) The semiconductor ?lm 1 is subjected to the laser beam 
treatment (as in the present FIGS. 1, 2, 3, 4 & 5) While the 
masking layer is present as a continuous layer over the 
substrate surface to mask the polymer substrate 2 against 
exposure to the laser beam 10; 

(d) Thereafter the insulating and masking layer structure 
may be removed from most of the surface of the polymer 
substrate 2 except Where separate semiconductor islands 
are formed from the ?lm 1 for the thin-?lm circuit 
elements. 
The semiconductor ?lm 1 may form the masking layer. 

HoWever, especially When the circuit-element islands are 
formed before the laser treatment, a separate masking layer 
may be provided sandWiched betWeen ?rst and second 
insulating interface layers. Although the ?rst insulating layer 
deposited at a loW temperature may have poor electrical 
insulation properties, the semiconductor ?lm 1 may be 
deposited on the second insulating layer Which may be 
deposited at a higher temperature on the masking layer so as 
to provide very good electrical insulation beloW the semi 
conductor islands. 

It Will be evident that many other modi?cations and 
variations are possible Within the scope of the present 
invention. Thus, for example, although the invention is 
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10 
particularly advantageous for laser crystallisation systems, 
tilting of the sample 1, 2 and/or a WindoW 22 may also be 
used to direct re?ected laser light aWay from the ?lm 1 in 
other laser apparatus, for example When a laser beam 10 is 
used to anneal a dopant implant in the ?lm 1 and/or to 
thermally diffuse dopant in a ?lm 1. 
From reading the present disclosure, other modi?cations 

and variations Will be apparent to persons skilled in the art. 
Such modi?cations and variations may involve other fea 
tures Which are already knoWn in the art and Which may be 
used instead of or in addition to features already disclosed 
herein. Although patent claims have been formulated in this 
application to particular combinations or features of a 
method and of an apparatus, and it should be understood that 
the scope of the disclosure of the present application 
includes any and every novel feature or combination of 
features disclosed herein either explicitly or implicitly and 
together With all such modi?cations and variations, Whether 
or not relating to the main inventive concepts disclosed 
herein and Whether or not it mitigates any or all of the same 
technical problems as these main inventive concepts. The 
applicants hereby give notice that neW patent claims may be 
formulated to such features and/or combinations of such 
features during prosecution of the present application or of 
any further application derived or claiming priority there 
from. 

I claim: 
1. A method of manufacturing an electronic device 

Wherein a semiconductor ?lm on a polymer substrate is 
subjected to a laser treatment With a laser beam, the beam 
being transmitted through a WindoW over the ?lm, the beam 
being re?ected by the ?lm, and the WindoW and the polymer 
substrate being inclined With respect to one another to 
prevent the re?ected beam from impinging again on the ?lm. 

2. A method of manufacturing an electronic device 
Wherein a semiconductor ?lm on a substrate is subjected to 
a laser treatment With a laser beam, the beam having an 
incident beam being transmitted through a WindoW over the 
?lm, characterised in that the substrate is of heat-distortable 
polymer material Which forms at least temporarily a concave 
distortion area in the substrate at an area Where the ?lm is 
heated by the incident beam, the incident beam is re?ected 
by the ?lm at the concave distortion area, and the re?ected 
beam is prevented from being re?ected back again to the 
heated area of the ?lm by the WindoW and substrate being 
arranged in an inclined relationship to one another. 

3. A method as claimed in claim 1, Wherein the WindoW 
is the WindoW of a cell Within Which the polymer substrate 
is mounted for the laser treatment, and the laser beam is 
scanned along the ?lm during the laser treatment by moving 
the cell under the laser beam. 

4. A method as claimed in claim 3, Wherein the WindoW 
comprises a succession of side-by-side WindoWs Which are 
moved sequentially under the beam as the cell is moved 
during the beam scanning, each of Which side-by-side Win 
doWs is inclined to the beam. 

5. A method as claimed in claim 1, Wherein the WindoW 
is the WindoW of a cell Within Which the polymer substrate 
is mounted for the laser treatment, and the laser beam is 
scanned along the ?lm during the laser treatment by moving 
the polymer substrate along Within the cell. 

6. A method as claimed in claim 5, Wherein the WindoW 
is inclined to the beam. 

7. A method as claimed in claim 5, Wherein the polymer 
substrate Where mounted in the path of the beam is inclined 
to the beam. 

8. A method as claimed in claim 5, Wherein the polymer 
substrate is mounted on rollers Within the cell and is moved 
along Within the cell by rotation of the rollers. 
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9. Amethod as claimed in claim 1, wherein perpendicular 
to the WindoW and/or the polymer substrate in an area of the 
beam path is inclined to the beam at an angle in a range of 
20° to 60°. 

10. Laser apparatus suitable for use in the method of claim 
1 and comprising a cell for accommodating a polymer 
substrate With a semiconductor ?lm for a laser treatment and 
mounting means in the cell for mounting the polymer 

12 
substrate for eXposing the ?lm to a laser beam through a cell 
WindoW over the polymer substrate, Wherein the cell Win 
doW and the mounting means for the polymer substrate are 
inclined With respect to one another to prevent the re?ected 

5 beam from impinging again on the ?lm. 


